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PROGRAMMABLE INTEGRATED CIRCUIT 
HAVING METAL PLATE CAPACITORS 
THAT PROVIDE LOCAL SWITCHING 

ENERGY 

RELATED APPLICATION 

This application is a divisional application of US. patent 
application Ser. No. 09/261,105 entitled “Programmable 
Integrated Circuit Having Metal Plate Capacitors that Pro 
vide Local SWitching Energy” by Austin H. Lesea, ?led Mar. 
3, 1999. 

FIELD OF THE INVENTION 

This invention relates generally to methods and circuit 
con?gurations for providing local on-chip bypass capacitors 
that supply spikes of supply current to associated digital 
logic elements. 

BACKGROUND INFORMATION 

FIG. 1 (Prior Art) is a circuit diagram illustrating an 
integrated circuit 1 mounted on a printed circuit board. 
Integrated circuit 1 receives poWer from a voltage supply 2 
via conductors 3 and 4, VCC poWer terminal 5 and ground 
terminal 6, and internal poWer and ground buses 7 and 8. 
Integrated circuit 1 includes a ?rst digital logic element 9 (an 
input of Which is represented here as a capacitive load 10) 
and a second digital logic element 11. The second digital 
logic element 11 drives digital logic signals onto the input of 
the ?rst digital logic element. In the illustrated example, the 
second digital logic element 11 is a complementary metal 
oxide semiconductor (CMOS) inverter 12. Inverter 12 
includes a signal input lead 13, a P channel pullup transistor 
14, an N channel pulldoWn transistor 15, and a signal output 
lead 16, a supply voltage terminal 14A, and a ground 
terminal 15A. 

Consider a situation in Which inverter 12 sWitches such 
that a voltage on capacitive load 10 sWitches from a digital 
logic loW (for example, Zero volts) to a digital logic high (for 
example, 3.3 volts). Initially, as shoWn in FIG. 2A, the 
voltage Vin on the input lead 13 of inverter 12 is a digital 
logic high. P channel transistor 14 is therefore nonconduc 
tive and there is no current draW through P channel transistor 
14 from internal poWer bus 7. Because Vin is a digital logic 
high, N channel transistor 15 is conductive. Capacitive load 
10 is therefore maintained in a discharged state by N channel 
transistor 15. As shoWn in FIG. 2B, the voltage V1 across 
capacitive load 10 is Zero While Vin remains loW. 

The voltage Vin then sWitches from a digital logic high to 
a digital logic loW as illustrated in FIG. 2A. P channel 
transistor 14 turns on and N channel transistor 15 turns off. 
With P channel transistor 14 conductive, a current I1 ?oWs 
from internal poWer bus 7 through P channel transistor 14 
and charges capacitive load 10. This current I1 is illustrated 
in FIG. 2C. 

There is, hoWever, a short period of time in Which P 
channel transistor 14 is someWhat conductive before N 
channel transistor 15 has turned off completely. The result is 
a spike of current I2 that ?oWs from internal poWer bus 7, 
from source to drain through P channel transistor 14, from 
drain to source through N channel transistor 15, and to 
internal ground bus 8. The resulting current spike is illus 
trated in FIG. 2D. The total supply current ICC1 draWn by 
inverter 12 is the combination of currents I1 and I2. This 
total supply current ICC1 is illustrated in FIG. 2E. 

If there Were no resistance or inductance betWeen voltage 
supply 2 and poWer terminal 5, then this spike of current 
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2 
could be supplied to integrated circuit 1 Without dropping 
the voltage on VCC poWer terminal 5. There is, hoWever, a 
resistance and inductance associated With conductor 3. In 
FIG. 1, this resistance and inductance is represented by 
resistor 17 and inductor 18. If a spike of current Were draWn 
across resistor 17 and inductor 18, the result Would be an 
undesirable dip in the voltage at VCC poWer terminal 5. This 
undesirable dip 19 is illustrated in FIG. 2F. 

To prevent such an undesirable dip in the voltage across 
poWer and ground terminals 5 and 6, a capacitor 20 is 
provided near the poWer and ground terminals. When the 
short spike of current is demanded by the integrated circuit, 
capacitor 20 supplies the needed spike of current thus 
preventing the voltage dip associated With draWing the spike 
of current across resistance 17 and inductance 18. After the 
spike of current has been supplied and the current needs of 
the digital logic element 11 have subsided, the charge given 
up by capacitor 20 is replenished from voltage supply 2. 

The capacitance C needed is determined using the fol 
loWing equation: 

dV . 1 
ICC1peak = cm (equ ) 

The dV in this equation is the magnitude of the permissible 
voltage dip on internal poWer bus 7. For this example, the 
maximum voltage dip permitted on internal poWer bus 7 is 
ten percent of the supply voltage VCC. For a VCC of 3.3 
volts, dV is approximately 0.3 volts. The dt in this equation 
is the time duration of the current spike. In a conventional 
integrated circuit, an inverter sWitches on the order of 2 
nanoseconds. The dt is therefore approximated to be 2 
nanoseconds. The ICC1peak is the peak current draWn by a 
CMOS inverter in a conventional integrated circuit. This 
peak current ICC1peak can be 2 milliamperes. Accordingly, 
the capacitance C needed is roughly 7 picofarads (7x10-12 

Dielectrics used betWeen metal layers in conventional 
integrated circuits typically have had dielectric constants of 
about four. Metal layers have typically been separated by 
one micron (10-6 meters) or more. The siZe of the needed 
capacitor if realiZed as a tWo plate capacitor is given by the 
folloWing equation: 

The k in the equation is the dielectric constant of the 
dielectric separating the capacitor plates. The e in the 
equation is the permittivity constant 8.854><10_12 C2Nm2. 
The W is the Width of the capacitor plates and the L is the 
length of the capacitor plates. The H is the separation 
betWeen the capacitor plates. As seen from the equation 
above, a square (W=L) capacitor of 10 pF Would be about 
450 microns on a side. Accordingly, the area required to 
realiZe the needed capacitor in integrated circuit form has 
been unrealistically large. 

Off-chip discrete capacitors called “bypass capacitors” 
have therefore been provided on printed circuit boards along 
With high speed digital integrated circuits. Such a bypass 
capacitor is placed as close to the integrated circuit as 
possible so as to bridge the poWer and ground terminals of 
the integrated circuit and to supply the integrated circuit 
With short spikes of current When needed. Capacitor 20 is 
such a “bypass capacitor”. 

It is herein proposed that this conventional bypass capaci 
tor technique Will be inadequate in certain high current spike 
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situations in the future. This is because FIG. 1 is a simpli 
?cation. In reality, the internal power and ground buses 7 
and 8 on the integrated circuit have signi?cant inherent 
resistances and inductances. 

FIG. 3 is a circuit diagram illustrating the inherent resis 
tance 21 and inductance 22 of the internal poWer and ground 
buses 7 and 8. If the time duration of the ICC1 current spike 
is short enough and the magnitude of the ICC1 current spike 
great enough, then a signi?cant voltage drop Will develop 
across resistance 21 and inductance 22. As semiconductor 
processing technology advances and sWitching speeds 
increase, such voltage drops are anticipated to become so 
great that Without other corrective action, voltages on inter 
nal poWer buses Will spike beloW required levels and com 
promise circuit function. A solution is desired. 

SUMMARY 

Certain digital logic elements Within the core of a ?eld 
programmable gate array (FPGA) require relatively large 
spikes of supply current When they sWitch. One such digital 
logic element is an inverter in a logic block that drives a 
digital signal over a relatively long distance to an input lead 
of another digital logic element in another logic block. In 
one embodiment, a local bypass capacitor is provided 
on-chip close to the inverter in layers overlying the transis 
tors of the inverter. When the inverter sWitches and draWs a 
spike of supply current, a signi?cant portion (greater than 
half) of this supply current is supplied by the local bypass 
capacitor. The current supplied by the local bypass capacitor 
reduces the siZe of the current spike draWn from an internal 
poWer bus. Reducing the siZe of the current spike draWn 
from the internal poWer bus results in a reduction in asso 
ciated drops in supply voltage on the internal supply bus due 
to the current spike ?oWing through the resistance and/or 
inductance of the internal poWer bus. When the inverter has 
?nished sWitching and is no longer draWing the spike of 
supply current, the local bypass capacitor is recharged via 
the internal poWer bus. After the local bypass capacitor has 
been recharged, it is ready to supply another spike of supply 
current to the inverter When the inverter sWitches the next 
time. 

Other structures and methods are disclosed in the detailed 
description beloW. This summary does not purport to de?ne 
the invention. The invention is de?ned by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 (Prior Art) is a circuit diagram of an integrated 
circuit and a bypass capacitor mounted on a printed circuit 
board. 

FIGS. 2A—2F (Prior Art) are simpli?ed Waveform dia 
grams that are illustrative of voltages and currents in the 
circuit of FIG. 1. 

FIG. 3 (Prior Art) is a circuit diagram of the integrated 
circuit and bypass capacitor of FIG. 1 that models the 
inherent resistance and inductance of the internal poWer and 
ground buses. 

FIG. 4 is a simpli?ed top-doWn diagram of a ?eld 
programmable gate array (FPGA) integrated circuit chip in 
accordance With an embodiment of the present invention. 

FIG. 5 is a simpli?ed perspective diagram of a local metal 
plate bypass capacitor and associated digital logic element in 
the embodiment of FIG. 4. 

FIG. 6 is a simpli?ed circuit diagram illustrating an 
operation of the embodiment of FIGS. 4 and 5. 

FIGS. 7A—7H are simpli?ed Waveform diagrams that are 
illustrative of voltages and currents in the embodiment of 
FIGS. 4—6. 
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4 
FIG. 8 is a simpli?ed top-doWn diagram of the structure 

of FIG. 5. 

FIG. 9 is a simpli?ed perspective diagram of a three plate 
embodiment of a local metal plate bypass capacitor in 
accordance With another embodiment. 

DETAILED DESCRIPTION 

FIG. 4 is a diagram of a ?eld programmable gate array 
(FPGA) integrated circuit chip 100 in accordance With an 
embodiment of the present invention. Integrated circuit chip 
100 is rectangular and has four edges 101—104. Integrated 
circuit chip 100 realiZes an integrated circuit that includes a 
ring of input/output cells (I/O cells) 105 and a core 106 of 
logic blocks 107. Selected logic elements of the I/O cells and 
logic blocks can be connected together as desired using a 
programmable interconnect structure 108. Although pro 
grammable interconnect structure 108 is illustrated here as 
occupying areas betWeen logic blocks, it is understood that 
the interconnect structure may extend over circuitry of the 
logic blocks in some embodiments. The programmable 
interconnect structure can be any one of numerous suitable 
programmable interconnect structures including an SRAM 
based programmable interconnect structure, an EEPROM 
based programmable interconnect structure, an EPROM 
based programmable interconnect structure, a ROM-based 
programmable interconnect structure, a DRAM-based pro 
grammable interconnect structure, and an antifuse-based 
programmable interconnect structure. For additional infor 
mation on one suitable programmable interconnect 
structure, see: “The Programmable Logic Data Book 1998”, 
pages 4—29 to 4—40, published by Xilinx, Inc., 2100 Logic 
Drive, San Jose, Calif. 95124 (1998). 
The exploded portion 109 of FIG. 4 illustrates three logic 

blocks 110—112 in greater detail. Each logic block is laid out 
as a square With sides measuring approximately 200 
microns. A relatively long signal path consisting of conduc 
tors 113 through 117 extends from an output lead 118 of a 
logic element 119 in logic block 110, around an intervening 
logic block 111, and to an input lead 120 of a logic element 
121 in logic block 112. The length of this signal path and the 
input capacitance of logic element 121 together amount to a 
signi?cant capacitive loading on the signal path. This 
capacitive loading is represented by capacitor symbol 122. 
The length of this signal path in this embodiment is approxi 
mately 230 microns. 

Digital logic element 119 is a complementary metal oxide 
semiconductor (CMOS) inverter comprising a P channel 
pullup transistor 123 and an N channel pulldoWn transistor 
124. Digital logic element 119 has a signal input lead 119A, 
a signal output lead 118, a supply voltage terminal 123A, 
and a ground terminal 124A. An integrated tWo-plate metal 
bypass capacitor 125 comprising tWo planar metal plates 
126 and 127 is provided locally in logic block 110 directly 
above the transistors 123 and 124 of the digital logic element 
119. First planar metal plate 126 is coupled to the source (the 
ground terminal) of N channel pulldoWn transistor 124. 
Second planar metal plate 127 is coupled to the source (the 
supply voltage terminal) of P channel pullup transistor 123. 

FIG. 5 is a simpli?ed perspective vieW of capacitor 125 of 
FIG. 4. The sources and drains of P channel pullup transistor 
123 and N channel pulldoWn transistor 124 are formed in 
substrate 128. The source of N channel transistor 124 is 
connected to ?rst metal plate 126 by an interlayer intercon 
nect structure 129. First metal plate 126 is connected to an 
overlying ground bus 144 by another interlayer interconnect 
structure 131. An opening 132 is provided in second metal 
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plate 127 so that interlayer interconnect structure 131 can 
pass through the plane of second metal plate 127 Without 
contacting the second metal plate 127. In similar fashion, the 
source of P channel pullup transistor 123 is connected to the 
second metal plate 127 by an interlayer interconnect struc 
ture 133. Interlayer interconnect structure 133 passes 
through an opening 134 in ?rst metal plate 126 so that 
interlayer interconnect structure 133 does not make contact 
With the ?rst metal plate 126. Another interlayer intercon 
nect structure 136 connects second metal plate 127 to an 
overlying VCC poWer bus 143. 

Although interlayer interconnect structures 129, 131, 133 
and 136 are illustrated as slender columnar structures in FIG. 
5 for ease of illustration and explanation, interlayer inter 
connect structures can have multiple different forms and can 
be made of multiple different materials. In some 
embodiments, an interlayer interconnect structure involves a 
conductive metal plug. Such a plug may be formed in 
conventional fashion by making an opening in a dielectric 
layer, blanket depositing a layer of metal so as to ?ll the 
opening, and then removing the metal outside the opening 
thereby leaving a metal plug disposed in the opening. In 
some embodiments, a copper seven metal layer dual 
damascene process is used. A tWo-stepped opening having a 
shalloW portion and a deep portion is formed in a dielectric 
layer. A metal (for example, copper) is blanket deposited 
over the structure to ?ll the entire tWo-stepped opening. 
Metal not in the tWo-stepped opening is then removed (for 
example, by chemical-mechanical polishing) thereby leav 
ing a capacitor plate in the shalloW portion as Well as an 
underlying interlayer conductive plug in the deeper portion. 
In some embodiments, multiple contacts are provided doWn 
to the source of a transistor of logic element 119 (FIG. 4). In 
some embodiments, interlayer interconnect structures 
involve multiple layer interlayer interconnects including 
multiple vertically-extending conductive plugs and multiple 
horiZontally-extending conductors. 

FIG. 6 is a simpli?ed circuit diagram illustrating an 
operation of the embodiment of FIGS. 4 and 5. Integrated 
circuit 100 is mounted on a printed circuit board. The 
tWo-plate metal bypass capacitor structure 125 of FIG. 5 is 
represented in FIG. 6 by capacitor symbol 125. Dashed line 
137 represents the boundary of a package (for example, a 
ceramic package) containing integrated circuit 100. Inte 
grated circuit 100 receives poWer from a voltage supply 138 
via conductors 139 and 140, VCC poWer terminal 141 and 
ground terminal 142, and internal poWer and ground buses 
143 and 144. The output lead 118 of digital logic element 
119 in logic block 110 is coupled to input lead 120 of digital 
logic element 121 in logic block 112. The capacitance of 
conductors 113-117 and of the input lead of digital logic 
element 121 is represented in FIG. 6 as a capacitive load 
145. 

Capacitor 125 is initially charged via poWer and ground 
buses 143 and 144 so that voltage VCC (for example, 3.3 
volts) is present betWeen plates 126 and 127. As shoWn in 
FIG. 7A, the voltage Vin on the input lead of inverter 119 is 
initially a digital logic high. P channel transistor 123 is 
therefore nonconductive, N channel transistor 124 is 
conductive, and capacitive load 145 is maintained in a 
discharged state. As shoWn in FIG. 7B, the voltage V1 across 
capacitive load 145 is Zero. 

The voltage Vin then sWitches from a digital logic high to 
a digital logic loW as illustrated in FIG. 7A. P channel 
transistor 123 turns on and N channel transistor 124 turns 
off. With P channel transistor 123 conductive, a current I1 
?oWs through P channel transistor 123 and charges capaci 
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6 
tive load 145. This current I1 is illustrated in FIG. 7C. For 
a short period of time When P channel transistor 123 is 
turning on and N channel transistor 124 is turning off, both 
transistors are someWhat conductive. During this time 
period T, a current I2 ?oWs from source to drain through P 
channel transistor 123 and then from drain to source through 
N channel transistor 124. The resulting spike of current I2 is 
illustrated in FIG. 7D. The total current I1+I2 draWn through 
the P channel pullup transistor 123 is the combination of 
currents I1 and I2 and is illustrated in FIG. 7E. Total current 
I1+I2 of FIG. 7E corresponds to the current illustrated in 
FIG. 2E. In contrast to the prior art situation of FIG. 2E, 
hoWever, most (more than 50 percent) of this spike of 
current is supplied by local bypass capacitor 125. FIG. 7F 
shoWs the spike of current ICAP supplied by local bypass 
capacitor 125 to digital logic element 119. The peak value of 
current ICAP is denoted ICAPpeak. 

Because capacitor 125 supplies a large portion of the 
needed current during the period of time T digital logic 
element 119 is sWitching, the peak magnitude ICC1peak of 
current ICC1 that is draWn during time period T from 
internal poWer bus 143 is also reduced. The reduced mag 
nitude of peak current ICC1peak is illustrated in FIG. 7G. 
Because the magnitude of ICC1peak is reduced, the mag 
nitude of the associated voltage drop 154 due to pulling a 
spike of current ICC1 across lead resistance 146 and lead 
inductance 147 is also reduced. FIG. 7H illustrates the 
reduced drop 154 in supply voltage VCC1 on the internal 
poWer bus 143. In this embodiment, the supply voltage 
VCC1 is 1.8 volts and the actual voltage on internal poWer 
buses must be Within 20 percent of VCC1. The maximum 
permissible change in voltage on internal poWer bus 143 is 
therefore approximately 0.4 volts. 

FIG. 8 is a simpli?ed top-doWn diagram of the embodi 
ment of FIGS. 4 and 5. Plates 126 and 127 of capacitor 125 
are parallel metal plates that have the same rectangular 
lateral boundary 148 When vieWed from the top-doWn 
perspective. Plates 126 and 127 are each 25 microns by 30 
microns (each has an area of approximately 750 square 
microns). The source and drain of N channel transistor 124 
also de?ne a lateral boundary 149 When vieWed from the 
top-doWn perspective. N channel transistor 124 has a gate 
Width of 20 microns. Similarly, the source and drain of P 
channel transistor 123 de?ne a lateral boundary 150 When 
vieWed from the top-doWn perspective. P channel transistor 
123 has a gate Width of 30 microns. N channel and P channel 
transistors 124 and 123 have gate lengths of less than 0.20 
microns. In this embodiment, the gate lengths of transistors 
124 and 123 are 0.18 microns. 

As shoWn in FIG. 8, the boundaries 149 and 150 of 
transistors 124 and 123 are contained entirely Within the 
lateral boundary 148 of plates 126 and 127 When vieWed 
from the top-doWn perspective. The separation betWeen 
metal layers of integrated circuit 100 is less than 0.75 
microns and in this embodiment is approximately 0.5 
microns. The dielectric used to separate metal layers is a 
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“low-K” dielectric With a dielectric constant less than four. 
In this embodiment, the dielectric is SiO2F and has a 
dielectric constant of approximately 3.75. The magnitude of 
the peak current ICAPpeak supplied by capacitor 125 rela 
tive to the magnitude of peak current ICAPpeak draWn by 
digital logic element 119 is approximated using the folloW 
ing equation: 

The dielectric constant k is 3.75. The permittivity constant 
e is 8.854><10_12 CZmN. W is 25 microns. L is 30 microns. 
H is the 0.5 micron separation betWeen metal layers. The 
resulting capacitance C is approximately 0.05 picofarads. 

The amount of current supplied by capacitor 125 is then 
approximated by using the above-determined value of C in 
the folloWing capacitor equation: 

d V (equ. 4) 
I CA Ppeak : C E 

The change in voltage dV across the plates of capacitor 125 
is the 0.4 volt maximum permissible change in voltage on 
the internal poWer bus 143. The dt is the time period T 
during Which the peak current ICAPpeak ?oWs. This time 
period T is approximated to be the 20 picosecond sWitching 
period of the digital logic element 119. (The resistance of the 
interlayer interconnect structures 129, 133, 131 and 136 is 
small and is ignored for purposes of this calculation.) The 
resulting current supplied by capacitor 125 is therefore 
approximately 1.0 milliampere. 

The current draWn through P channel transistor 123 of 
digital logic element 119 is simulated to be roughly 2.0 
milliamperes When driving approximately 230 microns of 
standard interconnect (a capacitive load of approximately 
0.03 pF). Accordingly, the local bypass capacitor structure of 
FIGS. 4, 5 and 8 supplies roughly half of the peak current 
draWn by digital logic element 119. The realiZation of a 
capacitor on-chip at a location Where the peak current is 
needed is facilitated by the fact that: 1) increased sWitching 
speeds have reduced the amount of bypass capacitance 
needed, and 2) advances in semiconductor processing have 
increased the capacitance per unit area of integrated capaci 
tors. 

In a preferred embodiment, the minimum area of capaci 
tor 125 is the area necessary to supply at least half of the 
peak current ICC1peak draWn by the associated digital logic 
element during sWitching of the associated digital logic 
element. The maximum area of capacitor 125 is the area of 
logic block 110 because it is desired to be able to run metal 
signal lines betWeen adjacent logic blocks using metal of the 
same metal layer from Which the capacitor plates are fash 
ioned. Routing in the top tWo layers of an integrated circuit 
is generally a scarce and valuable resource. In a preferred 
embodiment, the plates 127 and 126 of capacitor 125 are not 
formed of these top tWo layers of metal but rather are 
fashioned from underlying metal layers as illustrated in FIG. 
5. 

Although the digital logic element 119 is an inverter in the 
speci?c embodiment of FIGS. 4, 5 and 8, other digital logic 
elements can be supplied With spikes of supply current in 
accordance With the invention. Digital logic element 119 
can, for example, be a non-inverting buffer, a multiple-input 
logic gate or a tri-statable logic gate. 

FIG. 9 is a perspective vieW of an embodiment in accor 
dance With the present invention Wherein capacitor 125 has 
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8 
a third capacitor plate 151. Plate 127 is connected to third 
plate 151 by another interlayer interconnect structure 152 
that extends through an opening 153 in plate 126. In the 
capacitor equation beloW, N is the number of plates. 

As evidenced by equation 5, increasing the number of plates 
has the effect of decreasing the area required to realiZe a 
capacitor 125 of a given capacitance. 

Although the present invention is described in connection 
With certain speci?c embodiments for instructional 
purposes, the present invention is not limited thereto. 
Although local capacitor 125 is described in connection With 
a connection in a programmable integrated circuit that 
extends from one logic block to another logic block, capaci 
tor 125 can be provided as a small local on-chip bypass 
capacitor to supply brief spikes of current to any circuit that 
requires brief spikes of supply current. Capacitor 125 sees 
application in integrated circuits other than programmable 
integrated circuits. The circuit that requires the brief spikes 
of supply current need not necessarily be a CMOS logic 
element. In some embodiments, the same local on-chip 
bypass capacitor supplies multiple circuits With brief spikes 
of supply current. These multiple circuits may or may not 
sWitch simultaneously. The plates of capacitor 125 and the 
interlayer interconnections need not be made of metal and 
can include other conductive materials. A local on-chip 
bypass capacitor can be realiZed With plates that extend in 
the vertical dimension such as parallel metal-?lled 
vertically-extending damascene trenches. A local on-chip 
bypass capacitor can have more than three plates. 
Accordingly, various modi?cations, adaptations, and com 
binations of various features of the described embodiments 
can be practiced Without departing from the scope of the 
invention as set forth in the claims. 
What is claimed is: 
1. An integrated circuit, comprising: 
an internal poWer bus; 

a ring of I/O cells; 
a plurality of logic blocks substantially surrounded by the 

ring of I/O cells; and 
an interconnect structure for coupling selected ones of the 

logic blocks together, Wherein each of the logic blocks 
comprises: 
a digital logic element that draWs a spike of supply 

current during sWitching, the spike of supply current 
having a magnitude A; and 

means for receiving energy from the internal poWer 
bus, for storing that energy in a parallel plate capaci 
tor above the digital logic element, and for supplying 
that energy to the digital logic element in the form of 
a spike of supply current during the sWitching of the 
digital logic element, the spike of supply current 
supplied by the means for receiving energy having a 
magnitude B, Wherein magnitude B is at least half as 
great as magnitude A. 

2. The integrated circuit of claim 1, Wherein the digital 
logic element receives a digital input signal Vin and outputs 
a digital output signal V1, digital input signal Vin sWitching 
from a digital logic high to a digital logic loW, digital output 
signal V1 sWitching from a digital logic loW to a digital logic 
high, Wherein the digital logic high of the digital input signal 
Vin and the digital logic high of the digital output signal V1 
are of substantially the same voltage, and Wherein the digital 
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logic loW of the digital input signal Vin and the digital logic 
high of the digital output signal V1 are of substantially the 
same voltage. 

3. The integrated circuit of claim 1, Wherein the means for 
receiving energy comprises an interlayer conductive plug, 
the interlayer conductive plug coupling the internal poWer 
bus to the parallel plate capacitor. 

4. The integrated circuit of claim 3, Wherein the interlayer 
conductive plug consists essentially of copper. 

5. The integrated circuit of claim 3, Wherein the interlayer 
conductive plug comprises a copper plug. 

6. The integrated circuit of claim 3, Wherein the parallel 
plate capacitor comprises a substantially planar metal plate, 
the interlayer conductive plug being an extension of the 
substantially planar metal plate, and Wherein the substan 
tially planar metal plate including its interlayer conductive 
plug extension cornprises copper. 

7. The integrated circuit of claim 3, Wherein the parallel 
plate capacitor comprises a substantially planar metal plate, 
the interlayer conductive plug and the substantially planar 
metal plate being integrally formed in a dual darnascene 
process such that the interlayer conductive plug is an eXten 
sion of the substantially planar metal plate. 

8. The integrated circuit of claim 1, Wherein the parallel 
plate capacitor comprises a ?rst substantially planar metal 
plate and a second substantially planar metal plate, the ?rst 
and second substantially planar rnetal plates being separated 
by a dielectric material having a dielectric constant less than 
3.75, the ?rst and second substantially planar rnetal plates 
being separated by less than 0.75 microns. 

9. The integrated circuit of claim 1, Wherein the parallel 
plate capacitor comprises a ?rst substantially planar metal 
plate and a second substantially planar metal plate, the ?rst 
substantially planar metal plate having a lateral boundary, 
the second substantially planar metal plate having a lateral 
boundary, Wherein the digital logic element has a lateral 
boundary, the lateral boundary of the digital logic element 
being disposed in the lateral dirnension substantially Within 
the lateral boundaries of the ?rst and second substantially 
planar rnetal plates. 

10. The integrated circuit of claim 1, Wherein the internal 
poWer bus eXtends over at least a portion of the parallel plate 
capacitor. 
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11. The integrated circuit of claim 1, Wherein the inte 

grated circuit is a programmable integrated circuit and the 
interconnect structure is a programmable interconnect struc 
ture. 

12. The integrated circuit of claim 1, Wherein the parallel 
plate capacitor comprises at least three substantially planar 
rnetal plates. 

13. A method, comprising: 
forming a logic block of a programmable integrated 

circuit, the logic block including a digital logic 
element, the digital logic elernent including a pullup 
transistor, the logic block having a lateral boundary; 

forming a parallel plate capacitor disposed at least partly 
over the digital logic element, the parallel plate capaci 
tor having a lateral boundary, the lateral boundary of 
the parallel plate capacitor being disposed in the lateral 
dirnension substantially Within the lateral boundary of 
the logic block, the parallel plate capacitor comprising 
a ?rst substantially planar plate and a second substan 
tially planar plate; and 

forming an internal poWer bus, the internal poWer bus 
being coupled both to: 1) the parallel plate capacitor, 
and 2) the pullup transistor, Wherein the logic block and 
the parallel plate capacitor and the internal poWer bus 
are all part of the programmable integrated circuit. 

14. The method of claim 13, Wherein the internal poWer 
bus eXtends over the parallel plate capacitor. 

15. The method of claim 13, Wherein the method is a 
darnascene process, and Wherein the step of forming a 
parallel plate capacitor involves forming a tWo-stepped 
opening in a dielectric layer, then blanket-depositing a metal 
over the dielectric layer so as to ?ll the tWo-stepped opening 
With the metal, and then removing a portion of the metal 
outside the opening so as to leave the ?rst substantially 
planar plate disposed Within the tWo-stepped opening. 

16. The method of claim 13, Wherein the ?rst substantially 
planar plate comprises a planar plate portion and a conduc 
tive plug portion, both the planar plate portion and the 
conductive plug portion being formed in the step of forming 
a parallel plate capacitor. 

17. The method of claim 13, Wherein the parallel plate 
capacitor further comprises a third substantially planar plate. 

* * * * * 


